The corpus luteum (CL) is a transient endocrine organ composed of a heterogeneous mixture of cells. Functional interactions exist between peripheral T cells and luteal cells in vitro; however, the precise role of resident T cells (RTC) remains unknown. The goals of the present study were to isolate RTC from within the CL and determine if alteration of luteal function resulted in changes in RTC phenotypes. Functional lymphocyte phenotypes identified in the bovine CL by using quantitative flow cytometric analysis were clearly different from those in the peripheral circulation. The proportion of CD8 + RTC was greater than CD4 + RTC. These proportions were opposite in peripheral blood. The proportion of cd + lymphocytes was not different in the CL compared to that in peripheral blood nor was it altered during luteal regression. There was a significant increase in CD8aa + and cd + CD8aa + RTC during luteal regression. The proportion of FOXP3 + lymphocytes in the CL was greater than that isolated from peripheral blood, and this proportion of lymphocytes was dramatically reduced by induction of luteolysis. Within the CL of early pregnancy, there was an increase in the CD8ab + and cd + CD8ab + populations compared to those in the CL of nonpregnant animals. Based on these data, we concluded that the functional state of the CL creates a microenvironment that regulates the recruitment of or differentiation into specific lymphocyte types. Understanding the interactions between steroidogenic cells and ovarian lymphocytes within CL will not only enhance understanding of reproductive function but may provide vital clues to lymphocyte regulation within tissues.
INTRODUCTION
The corpus luteum (CL) is a unique endocrine organ that has a transient lifespan and is composed of a heterogeneous population of cells. O'Shea et al. [1] demonstrated that the CL consists of steroidogenic and nonsteroidogenic cells consisting of a mixture of endothelial cells, fibroblasts, and immune cells. Formation of the CL is a dynamic process involving simultaneous hyperplasia, hypertrophy, and differentiation of steroidogenic cells, as well as proliferation and migration of nonsteroidogenic cells, within the first 5-7 days following ovulation [2, 3] . Lobel and Levy [4] first described the infiltration of lymphocytes into the fully functional CL and an increase in leukocyte number in the late cycle and regressing CL. The precise number of lymphocytes within the CL remains unknown. Wang et al. [5] reported that 1 in every 15 cells within the CL was a lymphocyte; however, other studies have concluded that there are very few T lymphocytes in luteal tissue [6] [7] [8] [9] . Despite differences in lymphocyte numbers, all studies have reported a greater number of T lymphocytes in the late cycle and regressing CL than in early stages of the estrous cycle. The increase in immune cells within the CL appears to be due to both migration and proliferation of these cells within the tissue [10] . The presence of immune cells in the CL throughout the estrous cycle provides an excellent model with which to study how immune cells are recruited into tissues and their potential role in regulating tissue homeostasis or demise [rev. 11] .
It has been well documented that functionally distinct classes of T lymphocyte subtypes can be classified according to the differential expression of T-cell receptors, surface proteins, adhesion molecules, and cytokines and their receptors [12] . Helper (CD4 þ ) and cytotoxic (CD8 þ ) T lymphocytes are present in the human CL throughout the menstrual cycle [5, 8, 9] . Other studies have reported the presence of CD3 þ , CD4 þ , CD5
þ , and CD8 þ T cells in the CL of humans [5] [6] [7] [8] [9] , rodents [13] [14] [15] , horses [16] , and cattle [4] through the use of immunohistochemistry. These lymphocytes interact with class I and class II major histocompatibility complex molecules to initiate T-cell activation and subsequent removal of antigenic stimuli [17] and may play a critical role in the tissue remodeling occurring during luteal regression.
More recently, Davis and Pate [18] demonstrated that gamma delta (cd) þ T lymphocytes are present in midcycle and regressing bovine CL and respond to luteal cell stimulation in culture. cd T cells are a unique class of lymphocytes and are poorly understood because of their ability to display both proinflammatory cytokines and anti-inflammatory cytokines depending on the local environment, source, and conditions of activation [19] [20] [21] [22] . Two distinct populations of cd T cells have been previously identified in cattle based on the presence of surface membrane coreceptors [23] [24] [25] . cd-positive T cells expressing workshop cluster (WC)1 þ CD2 À CD4 À CD8 À were found primarily in the peripheral blood and may be involved in a proinflammatory immune response, whereas cd þ WC1 À CD2 þ CD8 þ T cells were found within the spleen and tissues and have been shown to produce anti-inflammatory cytokines [23] [24] [25] .
In 2003, two laboratories described a specific population of T cells expressing forkhead/winged helix transcription factor (FOXP3) that have suppressive/regulatory properties to control immune responses [26, 27] . Consistent with what has been reported in the literature for the human and mouse, the bovine Foxp3 gene was highly transcribed in CD4 þ CD25-high and CD4 þ CD25-low T cells but was expressed at low levels or was absent in other lymphocyte phenotypes [28] . The suppressive effects of FOXP3 þ lymphocytes are mediated through direct killing of cytotoxic cells, inhibition of cytokine production by cytotoxic cells, and/or production of immunomodulatory cytokines, such as transforming growth factor beta and interleukin-10 (IL10) [29] [30] [31] .
Immune cells secrete an array of cytokines with diverse functions, which have been implicated in altering ovarian cell function [32] [33] [34] [35] . In addition, Castro et al. [36] reported that depletion of leukocytes from luteal cells altered progesterone production in vitro. IL1B, interferon gamma (IFNG), and tumor necrosis factor a (TNF) have been shown to inhibit progesterone production and stimulate prostaglandin synthesis in cultured luteal cells [33, 34, [37] [38] [39] . Additionally, bovine luteal cells treated with IFNG display an increased number of major histocompatibility complex (MHC) class I and II molecules [40] that may facilitate immune cell recognition. Petroff et al. [41] demonstrated that luteal cells are proficient activators of T lymphocyte proliferation, at least partially mediated by MHC molecules expressed on luteal cells. Furthermore, Cannon et al. [42] revealed that prostaglandin F 2a (PGF 2a ) induced changes in luteal cells, enhancing their ability to stimulate T lymphocyte proliferation. Nonsteroidogenic cells in the CL also likely influence immune cell function and trafficking, because most class II MHC expression in the CL is found on capillary endothelial cells [43] .
These previous studies have addressed interactions between steroidogenic cells and immune cells during luteolysis, focusing on regression of the tissue. However, lymphocytes are present in the fully functional CL of the cycle or early pregnancy and may provide a specific role in maintaining tissue homeostasis. It is proposed that the recruitment of specific T cells into or the functions of T cells within the CL are controlled by signals derived from steroidogenic and/or nonsteroidogenic cells to maintain local homeostasis or promote apoptosis. The goals of the present study were to isolate resident T cells (RTC) from within the CL and determine if alteration of luteal function results in changes in RTC phenotypes. RTCs that infiltrate the interstitial space among steroidogenic cells in the CL were isolated and analyzed to determine changes in functional phenotypes during induced luteal regression or following maternal recognition of pregnancy, using quantitative flow cytometric analysis.
MATERIALS AND METHODS

Animals and Tissue Collection
Dairy cows exhibiting typical estrous cycles were used in accordance with protocols approved by the Institutional Laboratory Animal Care and Use Committee at The Ohio State University and The Pennsylvania State University. CL were removed via transvaginal incision on Days 10-12 (midcycle) of the estrous cycle and at 8 h after a luteolytic injection of PGF 2a (25 mg; Lutalyse, Pfizer Animal Health) administered at midcycle. The time of collection following PGF 2a administration was chosen based on previous data from this laboratory [41] . Each CL was immediately placed into medium and transported on ice to the laboratory.
An additional study was performed to evaluate resident lymphocytes within the CL during early pregnancy. Estrus was synchronized in these animals using the controlled internal drug release (CIDR) device protocol described by Lucy et al. [44] . In brief, an EAZI-BREED CIDR (Pfizer Animal Health) was inserted into the vagina for 7 days, and then 25 mg of PGF 2a (Lutalyse; Pfizer) was administered upon removal of the CIDR. Animals were observed twice daily for estrus, and one-half of the cows were artificially inseminated 10 to 12 h after the first detection of estrus. Pregnancy diagnosis was performed by uterine flushing on Day 18 postinsemination. Following verification of an embryo, CL were removed via transvaginal incision. The remaining animals were not bred, and CL were removed on Day 18 of the estrous cycle to serve as nonpregnant controls.
Isolation of Peripheral T Lymphocytes
Jugular venous blood was collected to isolate peripheral blood mononuclear cells (PBMC) and peripheral T lymphocytes (PTC) as previously described by Ndiaye et al. [45] . Briefly, PBMC were obtained by centrifugation over FicollPaque (GE Healthcare), and T lymphocytes were separated immunomagnetically using the AutoMACS cell separator (MACS; Miltenyi Biotec) as previously described [45] . For T-cell isolation, bovine anti-mouse CD2 (MUC2A) and bovine anti-mouse delta chain (GB21A) were used to positively select T cells. To ensure that these antibodies did not cross-react with antibodies used for subsequent flow cytometry analysis, labeling for flow cytometry used antibodies of a different isotype. In addition, isotype controls as well as second antibody only (no primary antibodies) controls were run with each replicate. All antibodies listed in Supplemental Table S1 (all supplemental data are available online at www.biolreprod.org) have been validated in our laboratory.
Isolation of Resident T Lymphocytes
CL were collected, and dissociation of luteal tissue was performed according to the method described by Pate [46] . Luteal tissue was minced and placed in 24 mM HEPES-buffered Hams F-12 culture medium (Gibco, Invitrogen Corporation) containing 0.5% bovine serum albumin (Sigma Aldrich, Inc.), 20 lg/ml gentamicin (Gentamicin Reagent Solution; Invitrogen), and 2000 U/g tissue collagenase type I (Worthington Biochemical Corp.). RTC were isolated immunomagnetically from the supernatant of the dissociated luteal cell suspension. To ensure that RTC were isolated from the intercellular spaces among steroidogenic cells and not solely from the microvasculature within the CL, lymphocytes were collected before and after collagenase was added to the dissociation process. It was assumed that isolation of lymphocytes prior to collagenase dissociation would represent primarily those T cells residing within the capillary network of the CL, whereas T cells isolated following collagenase dissociation would be mostly those lymphocytes residing within the intercellular spaces among the steroidogenic cells. For all experiments following this pilot study, only lymphocytes collected after collagenase dissociation were used. Following isolation, lymphocytes were counted and T-cell viability was evaluated. Cells were divided for surface protein labeling or for total RNA extraction from fresh cells. The number of viable T lymphocytes was determined using Guava ViaCount Flex reagent in the Guava EasyCyte Plus (Millipore, Billerica, MA). Purity was assessed by fluorescent labeling of the T-cell receptor (TCR, anti-CD3; VMRD, Inc., Pullman, WA), and this isolation procedure yielded approximately 95% pure T lymphocytes in both the PTC and RTC population. The number of viable T lymphocytes was determined using the Guava ViaCount Flex reagent in the Guava EasyCyte Plus (Millipore).
Flow Cytometry
Both PTC and RTC were prepared for either single-or dual-color flow cytometric analysis by indirect immunofluorescence. All antibodies were purchased from VMRD Inc. or AbD Serotec (Raleigh, NC) and are listed in Supplemental Table S1 . Lymphocytes were diluted to 5.0 3 10 5 cells/ml, and antibody incubations and washes were performed at 48C as previously described [18] . Labeling of intracellular FOXP3 was performed using the manufacturer's protocol (BioLegend FOXP3 fixation/permeabilization kit; BioLegend, San Diego, CA). Prior to analysis, lymphocytes were resuspended in ice-cold PBS plus 2 mM EDTA at an optimal running concentration of 500 cells/ll and analyzed by flow cytometry. Unlabeled T lymphocytes, T lymphocytes labeled only with secondary antibodies, and T lymphocytes labeled with isotype-matched antibody were used to determine autofluorescence and nonspecific binding. Dead cells and debris were gated and excluded from plots and a total of 10 000 T lymphocytes were analyzed for each sample.
Total RNA Extraction and Quantitative PCR Total RNA was extracted from both PTC and RTC at two stages of the estrous cycle, representing fully functional (Day 10-12) and regressing (8 h post-PGF 2a ) CL. Total RNA was extracted, and cDNA synthesis performed as previously described [45] . Quantitative polymerase chain reaction (qPCR) was used to detect the mRNA of proinflammatory and anti-inflammatory cytokines. Primer sequences used in qPCR and GenBank accession numbers are listed in Supplemental Table S2 . Ribosomal protein L19 (RPL19) cDNA was amplified as a constitutively expressed gene. Following the reverse transcription reaction, qPCR was performed on a 7500 Fast Real Time PCR system (Applied Biosystems) using Power SYBR Green PCR Master Mix (Applied Biosystems) under the following conditions: an initial denaturing step of 958C for 5 min; 35 cycles consisting of 948C for 30 sec, annealing at 56-608C for 45 sec, and extension at 728C for 60 sec, followed by an extra elongation of 5 min at 728C. Annealing temperature was optimized for each primer set. The qPCR amplification products were electrophoretically separated on 1.5% agarose gels and visualized with ethidium bromide under UV light to ensure a specific band corresponded to the size of the expected cDNA fragment. Specific bands were extracted and purified using QIAquick gel extraction kit (Qiagen Sciences) and were sequenced to confirm primer specificity. A control sample that was not reverse transcribed was used to confirm that the product obtained was not amplified from genomic DNA. For each gene of interest, a standard curve was prepared from purified cDNA PCR product and used to calculate the relative steady-state concentrations of respective mRNAs in triplicate wells for each sample. These data are presented as mRNA concentrations in arbitrary units.
Statistical Analysis
All statistical analyses were performed using the mixed model of Statistical Analysis System Institute software (Cary, NC). Two-way ANOVA followed by the Student-Newman-Keuls test were performed with all flow cytometric data to determine differences between RTC and PTC in functional and regressing CL and CL from pregnant and nonpregnant animals. Gene expression data were log-transformed and analyzed using covariate analysis with RPL19 as the covariate. All experiments were repeated with CL from 4-7 separate animals, and data are presented as least-square means 6 SEM. Differences were considered significant at a P value of ,0.05.
RESULTS
Results of the pilot study to determine the source of the RTC population revealed that 5.6% 6 2.5% of the isolated lymphocytes were derived from the vasculature within the CL, whereas the remaining 94.4% 6 2.5% of RTC were lymphocytes isolated only following collagenase dissociation, indicating that these cells have migrated into the intercellular spaces among steroidogenic cells. This study was replicated three times with CL from different animals. Antibodies to lymphocyte surface proteins were used to determine if induction of luteal regression resulted in changes in functional phenotypes of peripheral and luteal-resident T lymphocytes. The proportion of CD4 þ lymphocytes in the CL was less than that found within the peripheral blood (Fig. 1, A and D ; P , 0.05). In contrast, a greater proportion of CD8 þ lymphocytes were identified in CL than in the PTC population of cyclic animals (Fig. 1 , B and E; P , 0.05). The proportions of cd 
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þ/À WC1 þ/À T lymphocytes isolated from the CL and peripheral blood were similar (Fig. 1, C and E ; P . 0.05). Injection of PGF 2a to induce luteal regression had no effect on the proportions of CD4
þ/À T lymphocytes in the blood or the CL (Fig. 1, A-C Fig. 2A ; P , 0.05). PGF 2a caused a significant decrease in the proportion of FOXP3 þ lymphocytes in both RTC and PTC populations ( Fig. 2A; P , 0.05 ). There was a significantly greater proportion of CD4
þ T cells isolated from the fully functional CL ( Fig. 2B ; P , 0.05). Due to the small number of FOXP3 þ T cells found in peripheral circulation,
þ T cells were not detected in the PTC population ( Fig. 2B; P . 0.05) . Regulatory T cells (FOXP3) produce transforming growth factor beta 1 (TGFB1), which suppresses the actions of other immune cells [29, 30, 47, 48] . The relative concentrations of TGFB1 were similar between RTC and PTC ( Fig. 2C ; P . 0.05). However, PGF 2a caused a decrease in TGFB1 mRNA in the RTC population ( Fig. 2C ; P , 0.05), but this decrease was not observed in lymphocytes isolated from peripheral blood following PGF 2a ( Fig. 2C; P . 0.05) .
Specific functions of cd þ lymphocytes are associated with the expression of various coreceptors such as WC1. In the CL, less than 10% of the cd T cells expressed the WC1 coreceptor, whereas a significantly greater proportion of cd cells in the PTC were WC1 þ (Fig. 3 , A and B; P , 0.05). Interestingly, a minor but detectable population of cd
þ T lymphocytes was identified in both peripheral blood and within the CL (Fig.  3A) , and PGF 2a increased the proportion of cd À WC1 þ lymphocytes in peripheral blood ( Fig. 3A ; P , 0.05).
Further analysis of the CD8 population revealed that there was a greater proportion of CD8ab þ T cells than CD8aa þ T cells within the fully functional CL (Fig. 4 , A and E; P , 0.05). However, injection of a luteolytic dose of PGF 2a resulted in an increase in the proportion of CD8aa þ RTC within 8 h (Fig. 4 , A and E; P , 0.05). cd þ lymphocytes expressing both CD8aa and CD8ab were identified within the CL and peripheral blood (Figs. 4, B and F) . There was an increase in the proportion of cd þ CD8aa þ luteal RTC following luteolytic injection of PGF 2a, which was not observed in T cells isolated from peripheral blood ( Fig. 4B ; P , 0.05). The cd þ CD8ab þ T-cell population was not altered during luteal regression ( Fig.  4B ; P . 0.05). Coincident with the increase in CD8aa þ cells, IL10 mRNA was greater, but secreted phosphoprotein 1 (SPP1) mRNA was less in lymphocytes isolated from regressing CL compared to those in fully functional CL (P , 0.05); however, this effect was not observed in PTC (Fig. 4 , C and D; P . 0.05).
To further identify the functional role of lymphocytes within the CL during these two functional states, RTC were analyzed for additional surface proteins, including CD25, CD44, and CD62L, as well as for cytokine mRNAs. Distribution of CD25 þ and CD62L þ T cells was similar between RTC and PTC; in addition, no differences were observed following induction of luteolysis with PGF 2a . A lower proportion of CD44 þ T lymphocytes was found within the CL than in peripheral blood; however, there was no change in the proportion of CD44 þ T lymphocytes between the two functional states of the CL (Supplemental Figure S1 ). Total RNA from RTC and PTC was analyzed using qPCR for the IL2, IL4, IFNG, and TNF genes. Messenger RNA concentrations for the proinflammatory cytokines (IFNG and TNF), antiinflammatory cytokine (IL4 or IL2) were similar in lymphocytes isolated from the CL and the peripheral blood. Furthermore, PGF 2a did not impact the mRNA concentrations of these cytokines (Supplemental Figure S2) . Unfortunately, protein concentrations for these cytokines could not be POOLE AND PATE measured due to limited RTC number and lack of available antibodies.
Lymphocyte populations were examined on Day 18 postinsemination to determine if the process of maternal recognition of pregnancy alters RTC within the CL. The proportions of
þ/À T lymphocytes in the CL and peripheral blood in pregnant animals did not differ from those in nonpregnant animals ( Fig. 5A ; P . 0.05). Consistent with the previous experiment, a greater proportion of CD8ab þ and cd þ CD8ab þ T cells were identified in CL than in the PTC population (Fig. 5 , B and C; P , 0.05). The populations of CD8ab þ and cd þ CD8ab þ T cells increased in the CL of early pregnant animals compared to those in nonpregnant animals (Fig. 5 , B and C; P , 0.05). This increase in these T cell phenotypes was not observed in lymphocytes isolated from peripheral blood (Fig. 5 , B and C; P . 0.05). [4] first described the infiltration of lymphocytes into the fully functional CL and an increase in leukocyte number in the late cycle and regressing CL. The presence of specific T-cell phenotypes has been identified in the CL of humans [5] [6] [7] , rodents [13] [14] [15] [16] , horses [16] , and cattle [4] through the use of immunohistochemistry. More recent work has identified the presence of cd þ T cells within bovine CL [18] . It was originally hypothesized that the role of luteal lymphocytes was to activate macrophages, initiate loss of steroidogenesis, and induce apoptosis during luteal regression. However, it is now known that immune cells play a critical role in regulating cellular proliferation and differentiation in epithelial, parenchymal, and myoid tissues [49] . Pate and Keyes [35] suggested that RTC may have a role in supporting steroidogenesis as well as in regression of the CL. Therefore, the goals of the present study were to isolate RTC from within the CL and to determine if alteration of luteal function results in changes in RTC phenotypes.
DISCUSSION
Lobel and Levy
Using a quantitative approach to identify specific T-cell phenotypes, it was confirmed that there are a greater proportion of CD8 þ lymphocytes than CD4 þ lymphocytes within CL [5, 16] and that cd þ lymphocytes also reside within the CL [18] . cd T lymphocytes can secrete either proinflammatory (IL6, IFNG, and TNF) or anti-inflammatory (IL4, IL10, and TGFB1) cytokines, depending on the local environment and source of activation [19, 22] . A greater proportion of cd þ CD8 þ lymphocytes was isolated from the CL than from peripheral blood, and this population was greatest in the fully functional CL. Hedges et al. [50] demonstrated that cd þ CD8 þ T lymphocytes express genes responsible for immune suppression, reside within tissues, and act as sentinels in the local environment. In the CL, cd þ CD8 þ T cells may respond to cytokines in the luteal microenvironment to serve as immunoregulators to ensure tissue homeostasis. The presence of the WC1 coreceptor on cd þ T cells was originally shown to be correlated with expression of genes associated with proinflammatory T cells [50] . Hoek et al. [28] recently reported that cd þ T cells expressing WC1.1 and WC1.2 coreceptors reduce CD4 þ CD25 À T-cell proliferation in vitro, which suggests these cells may also suppress lymphocyte function. In the current study, cd þ WC1 þ RTC appeared to increase during luteal regression, but this increase was not significant.
Consistent with other species, the percentage of FOXP3 þ lymphocytes in cattle is very low, consisting of less than 3% of all T lymphocytes [28] . FOXP3 expression is essential for programming T regulatory cell development and function [26, 27] . A greater proportion of regulatory FOXP3 þ lymphocytes (Tregs) were found in the CL than in the lymphocytes in peripheral blood, and the FOXP3 þ cells were predominantly CD4 þ cells (according to present study data). Tregs suppress lymphocyte function through 1) direct cell-cell contact mediated by membrane-bound TGFB, 2) elimination of activated T cells via granzyme-B pathway, 3) prevention of effector T-cell attachment to antigen-presenting cells, 4) induction of T-cell anergy, and/or 5) inhibition of T-cell proliferation [51] . It is proposed that Tregs within the fully functional CL suppress effector T-cell function either through direct cell-to-cell contact, production of soluble mediators, and/ 
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or activation of intermediary cells to maintain luteal homeostasis.
Expression of FOXP3 was upregulated in peripheral CD4 þ CD25 À lymphocytes when cultured with TGFB1 [52] [53] [54] [55] . Additionally, FOXP3
þ Tregs produce TGFB1 that suppresses the actions of effector immune cells [29, 30, 47, 48] . In the present study, TGFB1 expression was greatest in resident T cells isolated from fully functional CL when the greatest proportion of Tregs expressing FOXP3 was observed. In addition to TGFB1, other anti-inflammatory cytokines have been identified within tissues and were shown to promote a tolerogenic T-cell phenotype [48, 56] . Bergmann et al. [48] demonstrated that the tumor microenvironment produces IL10, TGFB1, PGE 2 
and CD8
þ CD25 À T lymphocytes [47, 57] . These factors have been found in the fully functional CL [13, 58, 59 ] and may facilitate migration or expansion of Tregs within the tissue.
Luteolysis involves loss of progesterone production and cellular integrity that ultimately leads to destruction of the CL [60, 61] . Immune cells increase within the CL during luteolysis and have a functional role in luteal regression and tissue remodeling [4, [62] [63] [64] . Luteal cells undergoing luteolysis are proficient activators of T lymphocyte proliferation [40] [41] [42] , and proinflammatory cytokines produced by immune cells inhibit steroidogenesis and initiate apoptosis of cultured luteal cells [35] . Therefore, it was hypothesized that initiation of luteolysis with PGF 2a activates a rapid and localized proinflammatory response within the CL, resulting in T lymphocyte differentiation and immune recognition of steroidogenic cells.
Induction of luteolysis by PGF 2a altered luteal homeostasis, resulting in a decrease in FOXP3
þ Tregs within the CL and a loss of TGFB1 expression in RTC, potentially allowing for infiltration and/or differentiation of effector T lymphocytes within the tissue. Previous studies have observed an increase in CD8 þ T cells in the equine CL 24 h after induction of luteolysis with PGF 2a and an increase in the proportion of CD8 þ lymphocytes in the retroperitoneal lymph nodes draining the mouse ovary during luteal regression [15, 16] . However, in the present study, no differences were observed in the total CD8 population 8 h following injection of PGF 2a .
The CD8 þ population of lymphocytes is composed of two functionally distinct subclasses based on surface protein expression of either a CD8a homodimer or CD8ab heterodimer [65] . The CD8ab heterodimer is expressed predominantly on thymocytes and peripheral cytotoxic T cells and their progenitors [66] . In contrast, the CD8aa homodimer has been found only on a small portion of developing thymocytes, gut intraepithelial lymphocytes, and a subset of NK cells and dendritic cells [66] and has been shown to display immunoregulatory functions that promote tissue homeostasis [67] . Unlike that of the CD8ab molecule, expression of the CDaa molecule has been shown to reduce the interaction between the TCR-MHC peptide complex and inhibit downstream signaling [68] . Interestingly, Madakamutil et al. [69] reported that antigenic stimulation can transiently induce a subset of mature CD8ab þ T lymphocytes to express CD8aa þ within the tissue, resulting in altered lymphocyte function. Reduced binding of the CD8ab coreceptor and suppressed cytotoxic T-cell receptor activation have been demonstrated in lymphocytes expressing both CD8aa and CD8ab protein dimers [56] . This population of lymphocytes has been extensively studied in the intestine and has shown to provide a critical role in preventing overactivation, inflammation, and disease during tissue remodeling [70] .
Within the ovary, Zhou et al. [71] recently identified CD8aa þ T lymphocytes in the theca surrounding antral follicles, which increased prior to ovulation. A lack of ovarian CD8aa þ T cells was associated with reduced fertility in mice [71] . Espey [72] proposed that ovulation closely resembles an inflammatory response and that an influx of this population of lymphocytes prior to ovulation may be necessary to control this localized inflammation condition to ensure and/or modulate luteal formation. CD8aa T cells are present in the fully functional CL, and there was an increase in the proportion of CD8aa þ and cd þ CD8aa þ lymphocytes within the CL 8 h following a luteolytic dose of PGF 2a (as in the present study). It is proposed that the increase in CD8aa þ and cd þ CD8aa þ lymphocytes within the CL following prostaglandin prevents overstimulation of autoreactive T cells during luteal regression. However, it remains unknown if this increase is primarily due to enhanced migration of these cells into the regressing tissue or an upregulation of the CD8aa homodimer on T cells previously expressing the CD8ab heterodimer. Cell surface protein expression in lymphocytes has been shown to be regulated by the local environment [73, 74] . Because CD8ab þ T cells are present in the CL, changes occurring in the regressing CL may induce lymphocyte 
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differentiation, resulting in a change in lymphocyte function. Most of the CD8aa þ or cd þ CD8aa intraepithelial lymphocytes in the intestine [69] have been shown to secrete large amounts of IL10 but little to no IL2, IL4, or IFNG to control local homeostasis [75] . There was an increase in expression of the anti-inflammatory cytokine IL10 and a decrease in SPP1 expression in RTC isolated from regressing compared to functional CL. SPP1 promotes T lymphocyte chemotaxis and proliferation and acts as an early T lymphocyte activation factor [76, 77] . Ashkar et al. [77] demonstrated that binding of SPP1 to CD44 receptors suppressed IL10 production by macrophages in polyvinylpyrrolidone-induced granulomas [77] . Therefore, the loss of SPP1 and increase in IL10 suggests that the increase in CD8aa þ and cd þ CD8aa þ lymphocytes found within the CL 8 h after initiation of luteolysis may be due to an upregulation of the CD8aa homodimer on T cells previously expressing the CD8ab heterodimer to downregulate cytotoxic cell signaling within the CL.
It has been shown that expression of class II MHC increases in the late-cycle CL and after PGF 2a -induced luteolysis [40] . Furthermore, it is known that proinflammatory cytokines produced by effector T cells negatively impact steroidogenic cell function [33, 34, [37] [38] [39] . From these observations, one could surmise that the proportion of proinflammatory T cells increases upon initiation of luteal regression to facilitate a loss of luteal function. In the present study, there was no increase in the proportion of proinflammatory T cells or proinflammatory cytokines in RTC isolated 8 h following a luteolytic dose of PGF 2a . The possibility exists that an initial proinflammatory response occurred within the regressing CL, but by 8 h following induction of luteolysis with PGF 2a (time of tissue collection in this study), this response was already sequestered to prevent further activation of effector immune cells.
There is increasing evidence that changes associated with maternal recognition of pregnancy alter functional lymphocyte populations to ensure successful pregnancy outcome. Meeusen et al. [78] demonstrated that the proportion of cd þ CD8 þ lymphocytes increased in the pregnant sheep uterus, suggesting a role in regulating interactions between the conceptus and endometrium to prevent rejection of allogeneic fetuses during pregnancy. Tuo et al. [79] demonstrated that ovine trophoblast IFNs stimulated expansion of cd þ CD8 þ T lymphocytes and inhibited proinflammatory cd þ WC1 þ CD8 À T lymphocytes in vitro. It was concluded that upregulation of the cd þ CD8 þ T lymphocytes promoted a more conducive environment for implantation and maternal recognition of pregnancy in ruminants. The CL of early pregnant cattle contained greater proportions of CD8ab þ and cd þ CD8ab þ T lymphocytes than those of nonpregnant animals. Furthermore, approximately 50% of the total CD8ab þ RTC possess the cd TCR in pregnant animals, whereas only 25% of the total CD8ab þ RTC possess the cd TCR in nonpregnant animals. Based on these data, it is concluded that lymphocytes within the microenvironment of the CL alter their surface protein expression and functions in response to changing conditions. During periods of tissue remodeling, such as during luteolysis, CD8aa is upregulated to control the localized immune response and prevent overstimulation of autoreactive T cells. During early pregnancy, the more anti-inflammatory cd þ CD8ab þ T lymphocytes are increased in the CL. Because there may be no localized immune response in the CL of early pregnancy, there would be no reason for expression of CD8aa to provide a ''brake'' to the response. It remains unknown if embryonic signals directly promote differentiation or recruitment of specific T-cell phenotypes in the CL to maintain luteal homeostasis during pregnancy.
The bovine CL provides a unique model system with which to investigate and develop a better understanding of the potential role(s) of lymphocytes within tissues and mechanisms controlling lymphocyte regulation. Using a single-label approach, other studies have reported small changes in the major classes of T cells found within the CL. However, the current study is the first to successfully isolate lymphocytes residing within the bovine CL and use a multilabel approach to demonstrate substantial differences in specific functional subsets of T lymphocytes. Based on these data, it is concluded that the functional state of the CL creates a microenvironment that regulates the recruitment and/or differentiation of distinct T-cell phenotypes. The fully functional CL of the cycle or early pregnancy supports regulatory type T lymphocytes. However, changes occurring during luteolysis cause Treg cells to diminish and CD8aa þ and cd þ CD8aa þ lymphocytes to increase within the regressing tissue. Understanding the interactions between luteal steroidogenic cells and the lymphocytes that traffic into the CL will not only increase our understanding of ovarian function but may provide clues regarding lymphocyte-parenchymal cell interactions in cancer and autoimmune diseases.
